Via elements form no compounds--the systems often display immiscibility in the liquid as well as the solid state. Alloys with the Group Vila, Villa, VHIb, and VIIIc elements form numerous intermetallic compounds. This complete change in alloying behavior apparently is not related to the size factor phenomenon, but to valency or electronegativity effects.
Because of the basic similarity of the properties of the rare earths, a unique group of elements is available for alloy theory studies. Since the rare earth elements are transition elements, the results of such studies are immediately applicable to that group of metals from which most of the modern alloys are fabricated.
The analysis of alloy formation was first discussed by Hume-Rothery, who found that certain compounds of known crystal symmetry could be rationalized in terms of their electron/atom ratio using the common valences associated with chemical compounds. rv. DISCUSSION
A. Binary Laves Phases
As is evident in Figures 3, 4 , and 5, the structure type of known Laves phases is distributed regularly as a function of the periodic table. The only exceptions to this are NdMn 2 and SmMn ? which were both found and verified to have the MgZn 2 structure in a field where the MgCu-, structure is more probable. From a scrutiny of distribution of the MgCu 2 and MgZn-, structures, several important conclusions are made:
1.
Laves-type phases exist with regularity with all rare earth elements for the transition elements in Groups Vila, Villa, VHIb, and VIIIc. Since the d./d R ratio is favorable for all combinations, the nonexistence of Laves-type phases must be attributed to either (a) electronic considerations--that is, an unfavorable electron/atom ratio--or (b) free energy or electronegativity restrictions imposed by the system. The complete MgCu-, ->MgZn 2 -> MgCu., transition, however, is in no instance observed.
3.
For a given transition element period there is the tendency for the MgZn 2 ->MgCu 2 discontinuity to move to the right (that, is, to higher atomic number) as the rare earth A element increases in atomic number. On the assumption that the electron valency decreases as the atomic number of the transition element period increases, the discontinuity shift suggests that there is a slight but regular increase in valency as the atomic number of the rare earth increases.
4.
In comparison of the three transition series, the discon- Since thulium has a higher valency than does erbium, less dilution of HoMn 2 with thulium than erbium should be required to bring the electron/ atom ratio to a value greater than 1. 80.
From Figure 9 , approximate valencies of 1. 3 for lanthanum, 1. 6 for neodymium, and 1. 4 for cerium may be taken. Thus, from the ternary (La + Nd)Os 2 ( Figure 8a ), a valency of ~2. 08 for Os is calculable.
The limit of the MgCu 2 structure miscibility in the (La + Gd)Os 2 and (Ce + Gd)Os 2 ternaries calculated using these valencies are in only approximate agreement with the experimental data, Figure 8b and 8c. The electron/atom ratio for both LaOs 2 and CeOs 2 is near the critical value 1. 80 as could be inferred from the experimental data in Figure 8b and 8c, which show no extended miscibility of the MgCu 2 -type structure.
If from Figure 8d 
1.
On the basis of the previously accepted valency of chromium, and using the calculated valencies of the rare earth elements, the electron/atom ratio of all the binary systems of rare earths with chromium are favorable for the existence of Laves phases. It had been previously established that the size factor was satisfactory.
The nonexistence of Laves phases of the transition elements (3) with nickel had been interpreted by Elliott and Rostoker
to result from an electron/atom ratio below a minimum value, taken as ~1. 3. Electron/atom ratios of all the rare earths with nickel are less than 1. 3, yet all form Laves phases with nickel. ARC -arc-melted, LPS -liquid-phase sintered.
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